Key indicators: single-crystal X-ray study; T = 150 K; mean (C-C) = 0.004 Å; R factor = 0.030; wR factor = 0.076; data-to-parameter ratio = 13.5.
Related literature
The synthesis of the title compound is described by Nettekoven et al. (2001) . Related structures are reported by Houlton et al. (1990) and Nettekoven et al. (2003) .
For related literature, see: Haaland (1979) .
Experimental
Crystal data [Fe 3 (C 5 Refinement R[F 2 > 2(F 2 )] = 0.030 wR(F 2 ) = 0.077 S = 1.03 3872 reflections 286 parameters All H-atom parameters refined Á max = 1.02 e Å À3 Á min = À0.37 e Å À3 Table 1 Selected geometric parameters (Å , ). 
S1. Comment
Phosphorous-chiral ligands based on ferrocene play important roles in stereoselective synthesis and asymmetric catalysis.
In this context we report here the crystal structure of (I).
The title compound, (I), consists of two (C 6 H 5 )P[(C 5 H 4 )Fe(C 5 H 4 )](C 5 H 4 ) units, which are connected via Fe1 into a substituted ferrocene ( Fig. 1 ). Fe1 is located on an inversion center. Each Fe atom is coordinated in a sandwich fashion by two cyclopentadienyl (Cp) rings. Fe1-C(Cp) distances range from 2.0451 (17) to 2.0513 (16) Å, the variation of the Fe2 -C(Cp) bond length is with 2.028 (3) to 2.058 (2) Å wider. This ranges compares well to the related (Ph)P[(Cp)Fe(Cp)] 2 complex [Fe-C = 1.999 (12) -2.060 (11)] reported by Houlton et al. (1990) .
The planes of the Cp rings are standing parallel on top of each other, with the largest deviation from parallelity of 2.24 (15) ° for Cp2 (C6-C10) with respect to Cp3 (C11-C15). The conformation of the Cp rings are twisted, the Cp-C atoms do not cover each other as can be seen in plots viewed perpendicular to the Cp rings in Fig. 2 . This rotation is expressed by variation of the C-Cg-Cg-C (Cg is the centroid of the Cp rings) torsions angles. The rotation of Cp2 with respect to Cp3 is with 23.13 [C6-Cg3-Cg1-C15] to 23.61 ° [C7-Cg2-Cg3-C11] smaller compared to the rotation of Cg1 to Cg1 i [symmetry code: (i) 1 -x, 1 -y, 1 -z] with 35.48 ° [C2-Cg1-Cg1 i -C4 i ] to 36.01 ° [C1-Cg1 -Cg1 i -C4 i ]. Since the first structure determinations on metallocenes there have been discussions, whether the Cp-H atoms are bent away from or towards to the metal (Haaland, 1979) . In (I) all Cp-H atoms are found in the planes of the corresponding Cp-C atoms within standard uncertainties.
The phosphine P is in a tetrahedral environment, defined by a phenyl (Ph) ring, two cyclopentadienyl rings and an electron pair. C-P-C angles are less than the ideal value of 109°, they vary between 100.46 (8) and 103.22 (8)°. P-C(Cp) distances are with 1.8130 (18) and 1.8210 (18) Å shorter than the P-C(Ph) distance [1.8361 (19) Å]. Again the P geometry is similar to the related (Ph)P[(Cp)Fe(Cp)] 2 complex, where bond lengths and angles agree well with those in (I), the longest P-C distance [1.843 (11) Å] corresponds again to P-C(Ph).
In a similar structure, where the phosphine P is protected by a BH 3 group (Nettekoven et al., 2003) , the C-P-C angles range from 102.29 (12) to 108.10 (11)° and the P geometry is therefore closer to tetrahedral. P-C(Cp) and P-C(Ph) bond distances are shorter than in (I) [P-C(Cp) = 1.786 (3), 1.798 (3) Å; P-C(Ph) = 1.820 (2) Å].
S2. Experimental
The synthesis of the title compound, (I), is described by Nettekoven et al. (2001) . Orange crystals for data collection were obtained after recrystallization from CH 2 Cl 2 /hexane (ratio 1:1).
S3. Refinement
All hydrogen atoms were located in the difference Fourier map and where refined freely with isotropic displacement parameters.
supporting information
The final residual density of 1.021 e Å -3 is located 1.77 Å from C20.
Atoms C11-C13 belong to the unsubstituted, only to Fe2 coordinated Cp ring C11-C15 and show anomalous anisotropic displacement parameters along their chemical bonds. This is due to the higher ability of rotation compared to Cp rings C1-C5 and C6-C10.
Figure 1
Molecular structure of (I) with the atomic numbering scheme. Displacement ellipsoids are drawn at the 50% probability Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of I>2σ(I) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq Fe1 0.5000 0.5000 0.5000 0.01673 (9) (7) 0.0008 (7) −0.0036 (7) C4 0.0331 (10) 0.0272 (9) 0.0206 (9) −0.0155 (8) 0.0021 (7) −0.0032 (7) C5 0.0200 (8) 0.0247 (9) 0.0180 (8) −0.0067 (7) −0.0008 (6) −0.0001 (7) C6 0.0217 (8) 0.0196 (8) 0.0193 (8) −0.0086 (6) 0.0009 (6) 0.0037 (6) C7 0.0198 (8) 0.0216 (8) 0.0279 (9) −0.0091 (7) 0.0008 (7) 0.0006 (7) C8 0.0252 (9) 0.0220 (9) 0.0327 (10) −0.0058 (7) 0.0063 (7) 0.0006 (7) C9 0.0390 (11) 0.0174 (8) 0.0260 (9) −0.0081 (8) 0.0020 (8) 0.0002 (7) C10 0.0306 (9) 0.0233 (9) 0.0220 (9) −0.0132 (7) −0.0034 (7) 0.0049 (7) (8) C18-C17-H17 119.5 (16) C1-P1-C16 100.66 (9) C16-C17-H17 119.9 (16) C5-C1-C2 106.76 (15) C19-C18-C17 120.2 (2) C5-C1-P1 130.84 (13) C19-C18-H18 120 (2) C2-C1-P1 122.37 (13) C17-C18-H18 119 (2) C5-C1-Fe1 69.42 (9) C18-C19-C20 120.3 (2) C2-C1-Fe1 69.24 (10) C18-C19-H19 117.6 (19) P1-C1-Fe1 124.65 (9) C20-C19-H19 122.0 (19) C3-C2-C1 108.69 (16) C19-C20-C21 119.7 (3) C3-C2-Fe1 69.87 (10) C19-C20-H20 121 (2) C1-C2-Fe1 69.71 (10) C21-C20-H20 120 (2) C3-C2-H2 129.3 (14) C16-C21-C20 120.6 (2) C1-C2-H2 121.9 (14) C16-C21-H21 121.5 (16) Fe1-C2-H2 123.4 (14) C20-C21-H21 117.8 (16) C2-C3-C4 107.86 (16) C6-P1-C1-C5 17.63 (18) C6-C7-C8-Fe2 59.60 (12) C16-P1-C1-C5 −88.12 (17) C11-Fe2-C8-C9 −173.79 (16) C6-P1-C1-C2 −160.12 (15) C12-Fe2-C8-C9 −134.62 (18) C16-P1-C1-C2 94.14 (15) C10-Fe2-C8-C9 37.60 (11) C6-P1-C1-Fe1 −74.25 (11) C7-Fe2-C8-C9 119.67 (16) 
